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Abstract 
Explanations of carbon dioxide capture and storage (CCS) are primarily applied to power generation or natural gas mining and as 
such CCS is regarded as a technology that is part of large energy infrastructures. Such infrastructures can be severely impacted 
by natural disasters, especially large-scale earthquakes, and have been a potential concern for the public when considering CCS.  
We designed a survey to assess attitudes to CCS and piloted this with 438 Japanese participants in February 2011. Due to timing 
the second on-line survey, completed by 813 participants in April 2011 after the Great East Japan earthquake, tsunami and 
subsequent accident of nuclear power station in Fukushima. We hypothesized that some psychological influence of the 
earthquake might be seen in the results. We found the earthquake and nuclear power plant accident did not provide any impact on 
various perceptions of CCS but the event did have a negative impact on opinions about implementation of on-shore and off-shore 
CCS. The size of impact was significant but not as large as the impact on opinions on the use of nuclear energy because the 
majority of respondents still took a neutral position toward CCS implementation. In addition, the change in attitude towards 
nuclear power also influenced public attitudes toward CCS indirectly by increasing support for renewables most likely resulting 
in the reduced the positive attitude for CCS. 
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1. Introduction 
Carbon dioxide capture and storage (CCS) presents one potential technological solution for mitigating the 
atmospheric emissions of carbon dioxide (CO2) sources. However, CCS is a relatively new technology with 
associated uncertainties and perceived risks. For this reason, a growing body of research now focuses on public 
perceptions and potential for societal opinions to influence or delay the deployment of CCS technology. Since it is 
explained that CCS is primarily applied to power generation or natural gas mining, CCS is regarded as a technology 
which will likely be a part of large energy infrastructure. Therefore, natural disasters, especially large-scale 
earthquakes, become a potential concern of public when considering the feasibility of CCS. 
 
2. Literature 
Methodologies used for CCS social science research are divided into two types: qualitative and quantitative. 
Qualitative methods, such as interviews (e.g., [1]) and focus groups (e.g., [2]) can be used to conduct explorative 
research in order to investigate knowledge, awareness, perception and opinion on CCS. Quantitative methods, such 
as surveys using random sampling (e.g., [3]) can also be used for the purpose of assessing knowledge, awareness, 
perception and opinion, either in isolation or in triangulation with qualitative methods. A growing body of research, 
using these multiple methodologies, has provided insights into the knowledge, awareness and perceptions within the 
general public across the developing world. For example, in Japan, periodical assessments of public awareness of 
CCS and their potential opinion on implementation of CCS have been conducted [4][5][6][7]. In addition, research 
has also been increasing in the field of communication and the effects of information provision [5][6][8][9][10]. One 
area that appears to be limited across this research is the link between perceptions and opinions of CCS and the 
perceived risks associated with natural disasters.  
More recently, research on the influence of natural disasters, such as earthquakes, have on attitudes towards 
nuclear energy has been periodically analyzed using pre and post questionnaires [11]. Findings show a significant 
increase in concerns and a significant decrease in support for nuclear technology use after the 2011 earthquake in 
Japan. However, the study did not pay any attention to CCS. Additional public survey research found negative 
impacts on trust and social attitudes towards energy companies and policies [12]. The aim of this study was to 
provide a more comprehensive assessment of the impact on public perception of CCS following the Japan 
earthquake event.  
 
3. Method 
3.1. Implementation of the surveys 
We conducted a pilot test of our survey with 438 Japanese participants in February 2011 in order to examine the 
clarity and reliability of the draft questions. The majority of the survey was found to be effective and the next stage 
of data collection was set to occur in March. However, the Great East Japan earthquake and tsunami which 
destroyed the Fukushima Daiichi nuclear plant occurred that very month. The research team decided to postpone the 
implementation of the survey for one month to provide time for public sentiment to return to a normal state or at 
least not be at an extreme level. In April, the online survey was completed by 813 participants. In spite of the 
postponement of the survey, it was still expected that some psychological influence of the earthquake might be seen 
in the results. 
 
3.2. Design of the questionnaire 
The survey measured people’s perception of energy and environmental issues, CCS, CO2 behavior in 
underground storage, possible consequences of CCS, and the likely opinions of CCS. In addition, questions to 
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measure trust in various information sources about CCS were asked. To examine what kind of information is 
important for respondents to judge the implementation of CCS (onshore, offshore and in their country), we provided 
various kinds of information relevant to CCS through an experimental design. The information was provided as 
three different types of packages: information about the characteristics of CO2, about CO2 natural phenomena and 
CO2 accidents, and CO2 behavior in CCS. The effects of the interaction between initial perception of CCS and these 
different types of information on subsequent perceptions of CCS were measured. To measure respondents 
understanding, perception and attitude quantitatively, in most of questions respondents were asked to answer to what 
extent they agree or disagree to specific statements offered on a 5-point Likert scale.  
 
3.3. Method of analyses 
To analyze the data, we conducted a simple t-test for each question to compare answers obtained before and after 
the earthquake. As well correlation analyses were conducted between variables within questions and a dummy 
variable was created for the timing of implementation (before the quake = 0 and after the quake =1). Although such 
tests are simple and easy to understand, hidden effects of characteristics of the two samples can confound the results. 
This is because the difference in the quality of sampling methodology created some difference in the characteristics 
of the two samples. For example, the respondents of the pilot survey had a little higher education with less females 
represented. In addition, the method of sampling itself would affect the quality of the samples. For example, the 
representativeness of the sample from the online panel is not guaranteed. 
To exclude the effects of difference of characteristics of the respondents, we conducted regression analyses using 
a set of answers of each question as the dependent variable and variables of respondents’ characteristics such as age, 
gender, education and interest area of information gathering as well as the dummy variable “After” implementation 
timing (before the earthquake = 0 and after the earthquake =1). When “After” is significant in a regression analysis, 
the unstandardized coefficient “B” of “After” directly indicate the size and direction of the impact of the earthquake 
on the answers of the questions in one to five scales and should be a similar value of the difference of means. 
Finally, to realize the size of the influence of the earthquake on the perceptions relevant to CCS, we conducted 
regression analyses using individual attitude toward implementation of CCS for on-shore and off-shore options as 
dependent variables and employed demographic variables, individual characteristics and the dummy variable, for 
the after earthquake survey. 
4. Analysis and Discussion 
4.1. General perception on energy / environmental issues 
In the results of the analyses, we found some clear influences for respondents’ perception of energy and 
environmental issues. Four out of six questions were influenced by the earthquake. One obvious influence is the 
increase in the support of promoting renewable energy (the difference of means = .30 and B=.26 and p=.00 in the 
regression – see Table 1). This result was expected because the failure of the nuclear power plant caused a lot of 
social and economic impacts to the society. Promoting renewables instead of nuclear was the popular opinion after 
the earthquake. In addition, awareness and attitude toward climate change also shifted toward more support for 
climate policy. After the earthquake people were more convinced that climate change is happening (the difference of 
means = .49 and B=.40 and p=.00 in the regression), that more measures against climate change are required (the 
difference of means = .39 and B=.34 and p=.00 in the regression), and there were less people who refuse to pay 
more tax to address climate change (the difference of means = -.17 and B=-.21 and p=.01 in the regression). The 
reason might be an influence of general increase of environmental consciousness after the earthquake and when 
Japan was expected to increase CO2 emissions significantly due to the loss of nuclear plants. 
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Table 1. Influence of the earthquake and the nuclear accident on general perception on energy / environmental issues 
 
Notes: R: correlation coefficient with “After” (dummy variable, after the quake =1), B: unstandardized coefficient of covariate “After” in 
regression, Beta: standardized coefficient of covariate “After” in regression, *: significant level below 5% **: significant level below 1% 
 
4.2. Importance of information relevant to CCS 
Among the three information packages, only importance of information in natural CO2 phenomena and CO2 
accidents were influenced by the earthquake, except for the information on where CO2 exists (the difference of 
means = .24 and B=.21 and p=.03 in the regression – see Table 2). Those influences made people consider the 
information more important. Information on natural disasters of CO2 leakage implied increased risk for CCS, such 
as the information on the accident of Lake Nyos (the difference of means = .26 and B=.21 and p=.02 in the 
regression) and the information on the accident of Mt. Mammoth (the difference of means = .36 and B=.31 and 
p=.00 in the regression), were considered more important after the earthquake. In addition, CO2 related accidents at 
a paint factory in Germany was also considered more important (the difference of means = .32 and B=.25 and p=.01 
in the regression). Meanwhile, popular hot springs of high CO2 density water probably implied less risk for CCS, 
was also considered more important (the difference of means = .36 and B=.31 and p=.00 in the regression) as well as 
natural CO2 reservoir of McElmo Dome (the difference of means = .29 and B=.25 and p=.01 in the regression). 
While on the other hand, importance of the characteristics of CO2 and CO2 behavior in CCS was not influenced by 
the earthquake. A possible explanation could be that the earthquake and tsunami as natural phenomena (disaster) 
would make people more aware of and interested in analogical natural phenomena on CCS.  
Table 2. Influence of the earthquake and the nuclear accident on importance of information relevant to CCS 
 
Notes: R: correlation coefficient with “After” (dummy variable, after the quake =1), B: unstandardized coefficient of covariate “After” in 
regression, Beta: standardized coefficient of covariate “After” in regression, *: significant level below 5% **: significant level below 1% 
 
4.3. Image of CCS and opinion on implementation of CCS 
In terms of perceptions of CCS, participant’s views on CCS being “positive”, “clean”, “useful”, “dangerous” and 
“mature” did not change after the earthquake. It was especially unexpected that “dangerous” was not changed 
because CCS can be perceived as a large energy infrastructure project like nuclear power plants. However, as for 
implementation of CCS, positive attitudes toward implementation was reduced both for on-shore CCS (the 
Mean Regression
Variable Question before after t R B Beta partial t
Convinced climate
changing is happening
I am convinced that climate change (global
warming) is happening. 4.00 4.49 8.19
** .224** .398 .183 6.769 **
Promoting renewable
energy
We should promote the use of renewable
energy as soon as possible. 4.24 4.54 6.04
** .167** .263 .146 5.322 **
Requiring measures
against climate change
Something should be done about climate
change (global warming) now. 4.01 4.40 7.12
** .196** .339 .168 6.154 **
Refusing more tax to
address climate change
I refuse to pay more tax to address climate
change (global warming). 3.43 3.26 2.23
* -.063* -.214 -.081 -2.806 **
Mean Regression
Category Dummy variable before after t R B Beta partial t
CO2 characteristics Places where CO2 exists 3.67 3.91 2.46 * 0.034 .213 .093 2.253 *
Natural CO2 phenomina Information of the accident of Lake Nyos 4.07 4.33 2.88 ** 0.028 .205 .094 2.269 *
Natural CO2 phenomina Hot springs of the high CO2 density water 3.01 3.37 3.52 ** 0.045 .307 .127 3.012 **
Industrial CO2 accident CO2 related accidents of a paint factory 3.78 4.10 3.36 ** 0.037 .254 .111 2.716 **
Natural CO2 phenomina Natural CO2 reservoir of McElmo Dome 3.55 3.85 3.03 ** 0.033 .252 .109 2.642 **
Natural CO2 phenomina Accident of Mt. Mammoth 3.85 4.21 3.75 ** 0.038 .312 .137 3.363 **
Provided information 
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difference of means = -.35 and B=--.31 and p=.00 in the regression – see Table 3) and off-shore CCS (the difference 
of means = -.29 and B= -.25 and p=.00 in the regression) although the attitude was still around a neutral position. 
We asked these sets of questions twice, before and after information was provided, but the impacts of the earthquake 
remained the same. Table 3 shows the result of the first assessment on implementation of offshore and offshore CCS. 
Table 3. Influence of the earthquake and the nuclear accident on image of CCS and opinion on implementation of CCS 
 
Notes: R: correlation coefficient with “After” (dummy variable, after the quake =1), B: unstandardized coefficient of covariate in regression, 
Beta: standardized coefficient of covariate in regression, *: significant level below 5% **: significant level below 1% 
 
4.4. Risk perception of CCS 
We asked respondents’ their perception of CO2 migration and risk of CCS. The thought that CO2 will leak into 
the atmosphere or seabed was decreased after the earthquake (the difference of means = -.13 and B=-.15 and p=.02 
in the regression – see Table 4). Also, perceptions on CO2 migration, that is the stored CO2 can cause cracks in the 
cap rock of the storage space, decreased (the difference of means = -.09 and B=-.11 and p=.00 in the regression). 
Further, a misperception that the stored CO2 can emit hazardous radiation decreased (the difference of means = -.14 
and B=-.29 and p=.00 in the regression). These decreases were clearer in the regressions where the absolute value of 
unstandardized coefficient B is larger than the difference of mean because the effect of higher education of pilot 
sample (the sample before the earthquake) was deleted. 
However, the thought that it will affect human health in the case of leakage from onshore storage increased after 
the earthquake (the difference of means = .23 and B=.15 and p=.02 in the regression). The perception that 
earthquakes can cause CO2 to leak out of the storage space increased after the earthquake (the difference of means 
= .26 and B=.24 and p=.00 in the regression). 
Moreover, safety related perceptions, such as some of the stored CO2 can change into a solid substance (the 
difference of means = -.24 and B=-.24 and p=.00 in the regression) and CO2 leakage can be measured and monitored 
properly, both decreased (the difference of means = -.12 and B=-.16 and p=.00 in the regression). 
Finally, the perception concerning what would happen if there were accidents increased (the difference of means 
= .31 and B=.15 and p=.00 in the regression). That is the earthquake and nuclear disasters made people more 
cautious about potential damage by CCS related accidents.  
  
Mean Regression
Variable Question before after t R B Beta partial t
Onshore CCS
implementation
What is your opinion on implementing
onshore CO2 capture and storage in your
neighbourhood?
2.82 2.49 5.38 ** -.149** -.276 -.125 -4.597 **
Offshore CCS
implementation
What is your opinion on implementing
offshore CO2 capture and storage in the sub-
seabed off YOUR COUNTRY‘s shores?
2.92 2.64 4.46 ** -.124** -.173 -.077 -2.748 **
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Table 4. Influence of the earthquake and the nuclear accident on risk perception of CCS 
 
Notes: R: correlation coefficient with “After” (dummy variable, after the quake =1), B: unstandardized coefficient of covariate “After” in 
regression, Beta: standardized coefficient of covariate “After” in regression, *: significant level below 5% **: significant level below 1% 
 
4.5. Trust in information sources 
We asked respondents to what extent they trusted several information sources, such as the national government, 
local government, national television programs, national newspapers, local newspapers and television, scientists, 
project developers, national and/or international NGOs, local NGOs, friends, websites and United Nations 
organizations. We found that trust of two information sources were influenced by the earthquake. Trust in friends 
decreased (the difference of means = -.11 and B= -.13 and p=.02 in the regression – see Table 5) and trust in the UN 
agency increased (the difference of means = .13 and B=.11 and p=.05 in the regression). Although some large polls 
conducted by national newspapers in 2011 revealed lower trust in the national government, we had no such findings 
from our surveys. This is probably because our second survey was conducted about one month after the earthquake 
and trust may have not decreased in such a short period of time, rather it gradually decreased through the debate that 
ensued about nuclear accidents across the nation.  
Table 5. Influence of the earthquake and the nuclear accident on trust in information sources 
 
Notes: R: correlation coefficient with “After” (dummy variable, after the quake =1), B: unstandardized coefficient of covariate “After” in 
regression, Beta: standardized coefficient of covariate “After” in regression, *: significant level below 5% **: significant level below 1% 
 
4.6. Influence on over all opinion on CCS implementation 
To understand the size of the impacts of the earthquake and the nuclear accident on the perceptions relevant to 
CCS, we conducted regression analyses using individual attitudes towards the implementation of CCS for on-shore 
Mean Regression
Variable Question before after t R B Beta partial t
CO2 will leak to
atmosphere
The stored CO2 will move upwards into the
atmosphere or the seabed.
3.14 3.01 2.04 * -.057* -.146 -.066 -2.347 *
Leakage from onshore
storage
In the case of CO2 leakage from onshore
storage, it will affect the human health.
3.33 3.56 3.55 ** .099** .147 .063 2.346 *
Earthquakes can cause
CO2 to leak
Earthquakes can cause CO2 to leak out of
the storage.
3.70 3.96 4.48 ** .125** .235 .111 4.072 **
Stored CO2 can cause
cracks
The stored CO2 is expandable and can cause
cracks in the caprock of the storage.
3.27 3.18 1.70 -0.048 -.112 -.058 -2.078 **
Misperception of emitting
radiation
The stored CO2 can emit hazardous
radiation.
2.52 2.38 2.23 * -.063* -.291 -.131 -4.712 **
 Sored CO2 changes into
a solid substance
Some of the stored CO2 can change into a
solid substance.
3.02 2.78 3.95 ** -.110** -.238 -.110 -3.947 **
Leakage can be measured
and monitored properly
CO2 leakage from underground storage can
be measured and monitored properly by
available technology.
3.15 3.03 1.92 -0.054 -.161 -.075 -2.664 **
Concerned about what
would happen if there
were accidents
I am concerned about what would happen if
there were accidents in CO2 capture and
storage.
3.79 4.09 5.15 ** .143** .179 .084 3.139 **
Mean Regression
Variable Question (information source to trust) before after t R B Beta partial t
Friends Friends, neighbours, family 2.81 2.70 1.99 * -.056* -.133 -.069 -2.404 *
UN agencty
United Nations organisations such as the
Intergovernmental Panel on Climate Change
(IPCC)
3.32 3.45 2.36 * .066* .106 .055 1.970 *
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and off-shore options as dependent variables and employed demographic variables, individual characteristics and the 
dummy variable for the after earthquake survey. Table 6 shows the results of the regression analyses. 
We found the dummy variable, “female”, indicates the largest effect, meaning women were less supportive of 
CCS implementation on the average of -.4 in five the point scale. The dummy variable, “After”, had the second 
largest coefficient in both onshore CCS and offshore CCS. On average, about -.3 in the five point scale, which 
meant that people were less supportive of either type of CCS implementation. Information provided on Mt. 
Mammoth negatively influenced opinions of CCS implementation. 
Table 6. Result of regression analyses on the second assessment on implementation of offshore and offshore CCS. 
 
Notes: B: unstandardized coefficient of covariates in regression, Beta: standardized coefficient of covariates in regression, *: significant level 
below 5% **: significant level below 1% 
 
5. Conclusion 
Our results showed the earthquake and subsequent nuclear power plant accident did not impact on various 
perceptions such as “positive” and “dangerous” for CCS. However, the event did have a negative impact on 
opinions on implementation of on-shore and off-shore CCS. The size of impact was significant but not as large as 
the impact on opinions on the use of nuclear energy because the majority of respondents still chose a neutral 
position toward CCS implementation. Therefore, our results suggest that CCS was not perceived as a huge energy 
infrastructure technology risk like nuclear technology. However, this might be because the public do still not clearly 
understand or recognize its size and scale. 
The importance of information on natural CO2 phenomena and CO2 accidents were influenced by the earthquake 
and the nuclear disaster, except for information on where CO2 exists. Most likely the impression of the huge damage 
caused by the natural disaster (earthquake and tsunami) and subsequent industrial accident (nuclear accidents) 
imprints cautiousness into the consciousness or sub-consciousness of people. 
The earthquake and nuclear disasters did make people more cautious about the possible damages caused by CCS 
related accidents. In addition, people perceived higher risk of CO2 leakage being induced by an earthquake, after the 
earthquake had occurred.   At the same time extreme perceptions of CCS risks such as, stored CO2 will leak to the 
atmosphere and misperceptions of CCS were reduced.  
At the time of our questionnaire trust in the national government, as an information source, had not decreased. 
Over all, we conclude the earthquake did provide significant but small direct impacts on the perceptions and 
opinions of CCS. In addition, it also indirectly influenced public attitudes towards CCS by promoting renewables 
probably reducing the positive attitude for CCS and other possible pathways.  
These findings highlight the importance of providing information about role of CCS in an energy/climate policy 
portfolio which is currently being reconstructed in Japan, in addition to providing basic information about the CCS 
technology. 
 
B Beta partial t B Beta partial t
(Constant) 2.627 20.96 ** 2.739 21.13 **
After (dummy variable, after the earthquake=1) -.304 -.132 -4.92 ** -.258 -.109 -4.04 **
Female  (dummy variable, female=1) -.362 -.163 -6.01 ** -.429 -.189 -7.00 **
Know a little about CCS (dummy variable, know a little=1) .222 .065 2.35 *
Age .005 .064 2.38 * .006 .071 2.62 **
Information of accident of Mt. Mammoth -.151 -.295 -4.94 ** -.105 -.199 -3.31 **
Information of hot springs of the high CO2 density water .128 .207 3.51 ** .086 .135 2.27 *
Information of CO2 property .061 .114 3.82 ** .061 .110 3.66 **
Information of what is CCS .089 .130 3.39 ** .100 .142 3.70 **
CO2 behavior and leakage questions (order effects) -.277 -.081 -2.38 * -.337 -.096 -2.80 **
Offshore ImplementationOnshore Implemention
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